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|x]@=Q QO �Q_vOQwt x=oCN=U |}xRQr l}miD R= pY=L� hOy uwr}UB= |Q=Po}=H
|xv}W}@ uwr}UB= |Q=Po}=H =@ TBU "OwW|t pY=L ?=DW |xv}W}@ uwr}UB= '5
|}=yCW=ov?=DW u=wD|t xm 'OwW|tx@U=Lt hOy |=D*= Q=Okt '4 |x]@=Q QO ?=DW
pLx=Q l} u=wvax@ �? "OQm ?=NDv= 'OvQ=O =Q hOy |=D*= u}= x@ l}ORv |}=D*= xm
w OQm xO=iDU= 8 |x]@=Q R= CW=ov?=DW Qy |=D*= |x@U=Lt |=Q@ u=wD|t 'QDxO=U
l}miD R= pY=L� hOy uwr}UB= =@ �Q@=Q@ =} w� l}ORv |}=D*= xm |}=yCW=ov?=DW
"OQm ?=NDv= =Q OvQ=O �CU= hOy |=D*= Q@=Q@ u}vJty xm Q_vOQwt x=oCN=U |}xRQr
w "PGV u=}t |x]@=Q '=y|Q}oxH}Dv u}= |t=tD QO xm OQm xHwD xDmv u}= x@ O}=@ =t=
'OQ=O QDW}@ VywSB x@ R=}v ZQi u}= s=Hv= xm |r=L QO &Ov=xOW ZQi |]N "Sa

"CU= Q=DWwv u}= xHwD OQwt xm

141



|]
QW

|=y
h}]

QO=
D* =X

N=W
|}x

RQr
Q]N

l}
miDQ}}eD xrY=i =@ |}xDUwB Q=DN=U =} w �|L]U =} |tHL� |}xRQr Gwt ẁv x@ xDU@

Cra x@ |}xRQr G=wt= u=UWmQ}e |oOvy=m =@ Q=oR=U �c4R |xrtH "OQm Oy=wN
\@=wQ pta QO "OvwW|t QWDvt xDUwB QO xm CU= |v=tR 'V=WDe= w |O=t |}=Q}t
Cra x@ QDW}@ |oO}J}B u}= "OvDUy xrO=at u}= R= QDxO}J}B Q=}U@ 'u}tR CmQL
\}=QW 'VrUo sR}v=mt 'l}ORv |xRwL Q=DiQ Ovv=t |D=Q}F-=D uDiQoQ_vQO |=Q@ R=}v
\}Lt R}v w xQ=w}OwQi w xQ=w}O=Qi 'Q=WDv= |wor= w -=O@t |Q}PBCyH 'x=oCN=U |xS} w

"CU= |m}vwDmD

5u}tR C=mQL |oOvy=m \@=wQ Oa@ pUv "2"3
QO xO=iDU= Qw_vt x@ x=oCN=U l} QO u}tR V@vH |=yQDt=Q=B ?U=vt OQw;Q@
uwJty R}NxRQr j]=vt QO xS} w x@ 'xRQru}tR Q@=Q@ QO sw=kt |=yxR=U |L=Q]
u}= R= |W=v |v=H w |r=t |=yCQ=UN "OQ=O |}=RUx@ C}ty= u=Q}= QwWm
"CU= Vy=m w pQDvm p@=k |}xRQr Q]N |@=} RQ= R= xO=iDU= =@ |a}@] O=ONQ
|v}@V}B '|}xRQr Q]N p}rLD s=Hv= CyH R=}vOQwt |=yVN@ u} QDsyt R= |m}
CUOx@ |oOvy=m \@=wQ x@ swUwt |]@=wQ \UwD xm 'CU= u}tR OvtwQ}v |=yV@vH

"Ov};|t
u}tR C=mQL R= |QD`}Uw xwQo x@ p=ta= C}r@=k u}tR CmQL \@=wQ |Oa@ pUv
\@=wQ u; OQ@ Q=m p@=k OwOL R= QD=Qi |@=}uwQ@ x@ |R=}v Qo}O =D 'OvQ=O =Q pY=wi w
nvU Ovv=t� x=oCN=U |=yxwQo QDj}kO l}miD C}r@=k \@=wQ u}= u}vJty "OW=@v
l =N \ki |=H x@ sQv l =N 'CNU l =N 'CNU Q=}U@ l =N 'sQv nvU 'CNU
|v=kwi QDt 30 QO |WQ@ Gwt u}ov=}t CaQU R= s}kDUt |xO=iDU= =} �nvU =}
l}D=tDU}U CQwYx@ u}tR C=mQL |xOv}; \@=wQ CU= sRq xwqa x@ "OvQ=O =Q
'=yxDWyv jta 'l}ORv |xRwL |Q}PBCyH Q=F; Ovv=t |FL=@t |xOvQ}oQ@ QO Ovv=wD@
'OvW=@ |rai |oOvy=m \@=wQ QO OwHwt |=yQDt=Q=B Q}=U w xQ=w}OwQi w xQ=w}O=Qi QF=
|=yVwQ QO |rY= hOy "CU= s=Hv= p=L QO |Q=}U@ |=yVqD =DU=Q u}= QO xm
QO |}xDUwB uwQO jtasm |=yxrRrR |=Q@ O}OH |oOvy=m |=ypOt |xaUwD 'QwmPt
s}D 5 xSwQB u}= QO "CU= x@=Wt |m}vwDmD |L=wv w =m} Qt; |xOLDt Cq=}= ?Qe
"Ov=xOQm O=yvW}B =Q |O}OH|oOvy=m\@=wQ 'Qo}Om} =@ pt=aD QO =t= 'pkDUt CQwYx@
"4 [14]'CB08 "3 [13]'BA08 "2 [12]'AS08 "1 [11]%R= Ov=CQ=@a =ys}D u}=

[16]"I08 "5 w [15]'CY08
uDiQoQ_vQO |=Q@ CB08 pOt R= VywSB u}= s=Hv= QO xm CU= sRq QmPD u}=

"CU= xOW xO=iDU= |i}] ?=DW u}tND w x=oCN=U \}=QW

x@U=Lt w R=}v %|]QW u}ov=}t h}] "4
OQmrta u}tND Ow@y@ CyH QO =yv; R= u=wD|t |i}] u} wv |=yQDt=Q=B CN=vW =@
u; MU=B |v}@V}B 'xR=U |m}t=v}O p}rLD R= hOy ,qwtat "OQm xO=iDU= xR=U
x@ Qt= u}= xm 'CU= |i}] ?=DW XNWt Q=Okt =@ u}tR C=mQL QF= CLD
u}= ?re= "CU= syt Q=}U@ =yxR=U |Dq=tDL= w |Q=t; |=yp}rLD |=Q@ XwYN
"CU= x=Qty p}rLD |OwQw u=wvax@ h}] =@ Q=oR=U u}tR C=mQL ?=NDv= =@ Qt=
|iQat |L=Q] h}] u=wvax@ 6�UHS� C@=F Q]N =@ h}] =yxt=vu}}; QO ,qwtat
R= |@ w=vD hrDNt |=yxOwOLt QO UHS Q}O=kt xm CU=Hv}= xr�Ut "OwW|t
|W=v Q]N UHS |x@U=Lt OvwQ QO =Q} R 'Ov=xOW pY=L |vwo =vwo |=yO=ONQ
=@ u=wD|tv u}=Q@=v@ w OvwW|t `tH Qo}Om} =@ =RxRQr |=yxtWJQU |t=tD R=

=Q Q]N |xrO=at Qo = "�(Sa = y) OvwQv QD=Qi u; R= w OvW=@ u}tR CmQL =@ Q@=Q@ xm
%s} Q}o@ Q_v QO 13 |x]@=Q CQwYx@

�(Sa > y) = �
ZZZ

fM;R;"(m; r; ")

P (Sa > yjm; r; ")dmdrd" (13)

V}=tv 14 |xrO=at CQwYx@ =Q 'OvwW|t Sa > y?@U xm|}=yM `} RwD u=wD|t
%O=O

fMjSa;y(m; y) = 1

(Sa > y)

�ZZ
fM;R;"(m; r; ")P (Sa > yjm; r; ")drd" (14)

|=Q@ " w xrY=i w =oQR@ |xDU@sy p=tDL= |r=oJ `@=D fM;R;"(m; r; ") 'u; QO xm
pkDUt |Dq=tDL= Q_v R= " xm |}=Hv; R= CW=O Q_v QO O}=@ "OvDUy X=N -=O@t
'fM;R;"(m; r; ") = fM;R(m; r)f"(") %CWwv u=wD|t 'CU= R w M R=
xOWOQ=Ov=DU= p=tQv `} RwD |xOvyOu=Wv w CU= f"(") = 1p2� e

"2
2 =Hv}= QO xm

Q=Okt u=wD|t Cq=tDL= pqkDU= ZQi =@ w |[=} Q O}t= h} QaD R= xO=iDU= =@ "CU=
%OQm x@U=Lt 15 |xO=U |x]@=Q R= xO=iDU= =@ =Q =oQR@ u}ov=}t

M = E(M jSa > y) =
X
j

mjP (M = mj jSa > y) (15)

CUOx@ R}v =Q =yQDt=Q=B Q}=U |x@U=Lt |=Q@ R=}vOQwt \@=wQ u=wD|t ?}DQD u}ty x@
"OQw;

u}tR C=mQL |oOvy=m \@=wQ "1"3
xm 'OwW|t h} QaD COW |Q}oxR=Ov= |=yxHvU R= |Q=OQ@ CQwYx@ |}xRQr Q]N
u=wvax@ xm �� Q]N p}rLD |HwQN,qwtat "OvW=@ xrRrR |OwQw R= |@U=vt Qou=}@ O}=@
O=O} wQ u}ov=}t CQwYx@ �� OQ}o|t Q=Qk xO=iDU= OQwt |}xRQr |=[=kD OQw;Q@ |OwQw
w u}aDt VwQ wO Qy QO syt |=yVN@ R= |m} "CU= COW |xHvU |xv=}r=U
|=yQDt=Q=B xwQo l} R= u}tR O}OW V@vH u}tND |}=v=wD 'Q]N p}rLD |Dq=tDL=
=} u}tR CmQL |x]@=Q R= xO=iDU= =@ u}tND u}= "CU= |U=vWxrRrR |xOWh} QaD
CmQL |x]@=Q "OwW|t pY=L 'Ovt=v|t |oOvy=m |x]@=Q =Q u; u=UOvyt xm xJv;
O}OW V@vH x=wNrO QDt=Q=B l} u=}t |}x]@=Q xm CU= |[=} Q |xrO=at l} 'u}tR
x=oCN=U C}a[w w 'G=wt= Q=WDv= Q}Ut 'xrRrR -=O@t x@ \w@ Qt QDt=Q=B OvJ =} l} =@
"OR=U|t Q=QkQ@ 'OvwW|t xO}t=v |U=vWxRQr |=yQDt=Q=B u=wvax@ |rm CQwYx@ xm '=Q
17 w 16 CqO=at CQwYx@ u=wD|t xO=U Q=}U@ CQwYx@ =Q u}tR CmQL |x]@=Q

%O=O u=Wv
lnY = c1 + c2M � c3 lnR� c4R+ " (16)

" = ln �Y � lnY
�lnY

(17)

R 'xrRrR |=oQR@ M 'Q_vOQwt O}OW V@vH QDt=Q=B |a}@] sD} Q=or lnY 'u; QO xm
'|iO=YD |=]N |xrtH " w 'CU= u; =@\@DQt|DQ=@a =} x=oCN=U =D -=O@t |xrY=i
|=oQR@ h} QaD =@ Q=oR=U c2M |xrtH "CU= OL=w Q=}at h=QLv= w QiY u}ov=}t =@
�c3 lnR |xrtH "CU= u}tR CmQL |xvt=O R= |tD} Q=or Q=}at u=wvax@ xrRrR
c3 QDt=Q=B "CU= 'OwW|t QwO -=O@t R= xm |t=ovy 'xy@H |UOvy VQDUo =@ Q=oR=U
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CN
@QP

;=[
Q}ra

w|
UOv

yt|
raO

tLt "|]QW u}ov=}t h}] |x@U=Lt "4 s=o
20 |x]@=Q j@] =Q |]QW h}] xrLQt u}= QO u=wD|t sRq C=aq]= uDW=O =@

%OQm x@U=Lt

�lnSa(Ti)j lnSa(T�) =�lnSa(M;R; Ti)

+ �(Ti; T �)"(T �)�lnSa(Ti) (20)

OvwW|t x@U=Lt |oOvy=m \@=wQ R= �lnSa(T ) w �lnSa(M;R;T ) 'u; QO xm
"OQm xO=iDU= |irDNt \@=wQ R= u=wD|t �(Ti; T �) |x@U=Lt |=Q@ w

h}] |x@U=Lt |v}tND w j}kO VwQ wO Qy OQwt QO [6]'�2005� Qm}@ w pvQm
u}OvJ R= CU= sRq j}kO |]QW h}] |x@U=Lt |=Q@ j}kO OvwQ QO "Ov=xOQm EL@
|=yVN@ QO "OQm xO=iDU= |}xRQr Q]N l}miD R= |W=v xrY=i w =oQR@ ?@Ut Q=Okt

"CU= xOW xO=O K}[wD QDW}@ ẁ[wt u}= Oa@
l}miD R= pY=L " w 'xrY=i '=oQR@ u}ov=}t Q}O=kt R= |@} QkD VwQ QO =t=
x@ QHvt [6]'Qm}@ w pvQm j}kLD QO xDiQQ=mx@ h}] xm OwW|t xO=iDU= (M;R; ")

T=U=Q@ |Q}oxH}Dv u}= OvJ Qy "OwW|t j}kO pL Cr=L =@ xU}=kt p@=k |H}=Dv
[21]"CU= xOw@ |}xO=U Q]N pOt |Q}oQ=mx@ =@ w |[Qi C}=U l}

8�ECMS� =D*= T=U=Q@ |]QW u}ov=}t h}] "2"4
x�=Q= [7]'u=Q=mty w |wUwt \UwD ,=Q}N= xm =D*= QDt=Q=B 'CU= xOW xQ=W= xm xvwou=ty
|i}] pmW w xR=U MU=B u=}t |QD?U=vt |oDU@ty |Q=QkQ@ |}=v=wD 'CU= xOW
C=mQL QDy@ ?=NDv= x@ Ov=wD|t|]QWh}] |x@U=Lt |=Q@ u; OQ@ Q=m u}=Q@=v@ w OQ=O

%OwW|t h} QaD 21 |x]@=Q CQwYx@ =D*= QDt=Q=B "Ovm ltm u}tR

� = 0 472 + 2 730"Sa � 2 247"PGA (21)

hOy |=D*= w uwr}UB= uDUv=O '=D*= |=v@t Q@ u}ov=}t |]QW h}] |x@U=Lt |=Q@
OvJ Qy "OvyO|t x�=Q= =Q uwr}UB= Q=Okt \ki OwHwt l}miD \@=wQ =t= "CU= sRq
'hOy Q}O=kt QO xm Ov=xOQm T=}kt |}xvwo x@ =Q =D*= |x]@=Q [7]'u=Q=mty w |wUwt
Q@ |]QW u}ov=}t h}] T=U= u}= Q@ "OvW=@ Q@=Q@ Qo}Om} =@ =D*= w uwr}UB= Q}O=kt

%CU= x@U=Lt p@=k 22 |x]@=Q R= xO=iDU= =@ =D*= |=v@t

Sa(T ) = e(�lnSa+
�target�lnSa(T )(�(�(T );�(T�))+1 730

2 730 ) (22)

?w=vD |xQwO l} QO � u=}t |oDU@ty ?} Q[ �(�(T ); �(T �)) 'u; QO xm
CQwYx@ =Q Q}N= |x]@=Q u}= u=wD|t "CU= T � hOy ?w=vD |xQwO w x=wNrO

%CU= x@U=Lt p@=k 24 |x]@=Q R= �0 Q=Okt w 'OQm |U} wvR=@ 23 |xrO=at

Sa(T ) = exp(�lnSa(T ) + ���lnSa(T )�0(�(T );�(T�)) (23)

�0(�(T );�(T�)) =
�(�(T );�(T�)) + 1 73

2 730 (24)

QO xm [22]'CU= xOW O=yvW}B 25 |x]@=Q j@=]t xDU@ |x]@=Q '�0 |x@U=Lt |=Q@
|xQwO wO Cw=iD I "OvDUy QDnQR@ w QDlJwm |=y?w=vD xQwO Tmax w Tmin u;
QwmPt |x]@=Q QO xO=iDU= p@=k |=y?w=vDxQwO u}vJty "CU= |ivt xQ=wty w ?w=vD

G}=Dv w Ci=} CUO UHS h}] x@=Wt pmW x@ '|}xRQr O=ONQ l} R= xO=iDU=
UHS OQ@ Q=m Cr=L QO |i}] ?=DW |q=@ CUO Q=}U@ u}tND Qou=}@ C=ar=]t

[17w6]"CU=
u=wvax@ 7�CMS� |]QW u}ov=}t h}] G}=Dv Ow@y@ |=Q@ |Q=my=Q u=wvax@
|iQat [6]'Qm}@ \UwD QDtm |=]N w |oOvm =QB =@ |H}=Dv x@ |@=}CUO |=Q@ |WwQ
h}] OvwQ Ck}kL QO "CU= xOW |UQQ@ u; |x@U=Lt xt=O= QO xm &CU= xOW
h}] R= QD|ak=w |v}tND '" QDt=Q=B uDiQoQ_vQO =@ Ovm|t VqD |]QW u}ov=}t

"OyO x�=Q= Q=_Dv= OQwt

uwr}UB= T=U=Q@ |]QW u}ov=}t h}] |x@U=Lt |xO=U OvwQ "1"4
CQwYx@ w OQ=Ov |O=} R |oO}J}B uwr}UB= T=U=Q@ |]QW u}ov=}t h}] |x@U=Lt

[18]%OwW|t s=Hv= =ys=o u}=
uwr}UB= w 'xrY=i '=oQR@ Q}O=kt w ZwQit ?w=vDl} QO hOy Sa |x@U=Lt "1 s=o

"Q_=vDt
l} QO =Q Sa Q=Okt CU= sRq |]QW u}ov=}t h}] |x@U=Lt ẁQW |=Q@
ZQi xR=U pw= ?w=vD T � Q=Okt ,qwtat� s}vm x@U=Lt 'T � ZwQit ?w=vD
Q_v QO xm |t=ovy XwYN x@ 'OW=@ R}v |Qo}O ?w=vD Qy Ov=wD|t =t= 'OwW|t
w 'xrY=i '=oQR@ Q=Okt CU= sRq u}vJty "�OvwW ^=Lr sy Qo}O |=yOwt OW=@
C=}:tm u}= u=wD|t |}xRQr Q]N l}miD j} Q] R= xm OvwW x@U=Lt R}v "(T �)

"OQm x@U=Lt =Q
|xrY=i w =oQR@ ZQi =@ OQ=Ov=DU= Q=}at h=QLv= w u}ov=}t |x@U=Lt "2 s=o

"|r@k |xrLQt R= xOWx@U=Lt
w =oQR@ |=Q@ =Q �lnSa(T ) R}v w �lnSa(M;R;T ) Q}O=kt CU= sRq swO s=o QO
|oOvy=m |x]@=Q Qy R= u=wD|t xrLQt u}= QO xm 'OQm x@U=Lt hOy |xrY=i
[14]�2008� CB08 pOt R= Q=DWwv u}= QO xm OwW|t Qw;O=}� OQ@ OwU |y=wNrO

"�CU= xOW xO=iDU=
""(T �) ZQi =@ =y?w=vD Q}=U QO uwr}UB= |x@U=Lt "3 s=o

x@U=Lt =y?w=vD Q}=U |=Q@ =Q " \wQWt u}ov=}t Q=Okt s=o u}= QO Ck}kL QO
|xrO=at j@=]t w |oDU@ty ?} Q[ uDiQoQ_vQO j} Q] R= Q=mu}= xm 's}vm|t

%CU= 18
�"(Ti)j"(T�) = �(Ti; T �)"(T �) (18)

"CU= "(T �) \QW x@ "(Ti) u}ov=}t Q=Okt Qou=}@ �"(Ti)j"(T�) =Hv}= QO xm
xOW O=yvW}B 19 |x]@=Q CQwYx@ [19]'2006 p=U QO |WywSB QO � Q=Okt

%CU= Q@Dat x}v=F 0 05� 5 u}@ ?w=vD |xQwO QO xm 'CU=
�(Tmin; Tmax) =1� cos

��
2 � (0 359

+0 163I(T min<0 189) ln Tmin

0 189
�

ln Tmax

Tmin

�
(19)

1 Q@=Q@ Tmin < 0 189 |=Q@ xm CU= |Qov=Wv `@=D I(Tmin<0 189) 'u; QO xm
w QDlJwm Q}O=kt Qou=}@ Tmax w Tmin &CU= QiY CQwYu}= Q}e QO w CU=
QO |WywSB QO R}v |oDU@ty |x]@=Q u}= QDxO}J}B pOt "CU= Q_vOQwt QDnQR@

"CU= xOW x�=Q= [20]'2008 p=U
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|=y
h}]

QO=
D* =X

N=W
|}x

RQr
Q]N

l}
miDx@U=Lt 27 |xrO=at CQwYx@ u=wD|t =Q xrY=i p=tDL= |r=oJ `@=D u}= Q@=v@

%OQm

fR(r) = d
dr
FR(r) =

8><>: r
15
p
r2�100 10 � r < 18

0 otherwise
(27)

p}rLD G}=Dv "OQm xO=iDU= Q]N x@ \w@ Qt C=@U=Lt QO xOWQmP |x]@=Q R= u=wD|t xm
QO |}xRQr Q]N Q=Owtv XNWt Qw] x@ w Q}N= VN@ QO xOW|iQat C}=U Q]N
QO PGV p@=kt QO |}xRQr Q]N Q=Owtv R}v w T = 1 (sec) ZQi =@ Sa p@=kt

"CU= xOW xO=O u=Wv 3 pmW
`} RwD 15 |x]@=Q R= xO=iDU= =@ =D Ow@ s}y=wN QO=k =yC}tm u}= |x@U=Lt =@
x]@=Q u}= u=wD|t u}vJty "s}vm x@U=Lt =Q 'OvwW|t Sa > y ?@U xm |}=yM
"OQm x@U=Lt =Q Q_=vDt u}ov=}t Q}O=kt w Q=oR=U R}v " w R `} RwD |x@U=Lt |=Q@ =Q
"OQm x@U=Lt =Q �" w �M ' �R Q}O=kt u=wD|t '|[Qi sa Q=Okt Qy |=Q@ |DQ=@a x@
C=Q}}eD '?4 pmW w Q]N p@=kt QO =Q �"sa |xOWx@U=Lt Q}O=kt 'hr=4 pmW
p@=kt QO �M w �R Q}O=kt u}vJty "OyO|t u=Wv Q]N Q}O=kt p@=kt QO =Q �"PGV
?}mQD w 28 |x]@=Q R= xO=iDU= =@ "Ov=xOW xO=O V}=tv O w G4 pmW QO Q]N
QmP p@=k |xDmv "OQm x@U=Lt =Q Q]N p@=kt QO =D*= C=Q}}eD u=wD|t Q=Owtv wO u}=
Q]Nsy CQwYx@ =D*= Q=Okt |x@U=Lt |=Q@ QDt=Q=B wO u}= ?}mQD s=Hv= xm CU= u;
\w@ Qt uwr}UB= u=R}t O}=@ XNWt Q]N l} QO xm =vat u}O@ "Ow@ Oy=wN Q}PBu=mt=
|x]@=Q R= xO=iDU= =@ TBU w G=QNDU= CaQU |xv}W}@ uwr}UB= w |i}] ?=DW x@

%OvwW s=eO= 28

� = "Sa � 0 823"PGV (28)

"u}tR CaQU |xv}W}@ w |i}] ?=DW Q]N |vLvt "3 pmW

%OvDUy x}v=F 0 01 � T � 5 |xR=@ QO
C1 =I(Tmin+0 359)+cos(1 45 tan�1(Tmax)�cos(8 11Tmax))

C2 = tan�1(�I cos(8 94Tmax)
3 98 )

C3 = cos(cos( I + Tmin

2Tmax
))� exp(cos(Tmin)� 4 054)� 0 6114

C4 = cos(max( I
Tmax

;�Tmax))

�0�(T );�(T�) =

8<:C1 + C2 Tmax < 0 3; Tmin < 0 15
C3 + C4 otherwise

(25)

|]QW |=yh}] C=@U=Lt s=Hv= |=Q@ |[Qi C}=U |iQat "3"4
hOy Q=DWwv u}= QO 'CU= xOW xQ=W= u}W}B |=yCtUk QO xm xvwou=ty
CU= R=}v |]QW h}] |x@U=Lt |=Q@ "CU=D*= T=U=Q@ |]QW h}] |x@U=Lt
CLD x=oCN=U OwW|t ZQi "OwW xDiQo Q_v QO |[Qi CQwYx@ |y=oCN=U
|wQ Q@ u; |v=mt C}akwt w OQ=O Q=Qk QDtwr}m 30 pw] x@ |]N pUo l} QF=
C}=U u}= |=Q@ QDW} Q nQ@vDwo |}xRQr |=yQDt=Q=B "OQ=O Q=Qk pUo hYvt Owta
u=Wv 2 pmW QO C}=U "Ov=xOW x@U=Lt a = 1 29 w b = 1 32 CQwYx@
Ov=CQ=@a C}=U Q]N p}rLD QO xO=iDU= OQwt |=yQDt=Q=B Q}=U "CU= xOW xO=O

%R=
Mmax = 7; M0 = 5; RJB = 2; delta = 90; Vs30 = 460
u}= QO "OW=@ u=Um} \=kv s=tD QO xrRrR RmQt uOW`k=w p=tDL= s}vm ZQi u}vJty
'CU= pUo pw] R= |QUm Q@=Q@ r R= QDlJwm |xrY=i |xOy=Wt p=tDL= Cr=L
|xrY=i u=wD|t EQwe=F}i |x]@=Q R= xO=iDU= =@ "CU= xDiQo Q=Qk r `=aW QO xm
CQwYx@ 'CU= xDiQo Q=Qk C}=U R= r |xrY=i QO xm |}x]kv =@ =Q pUo RmQt
|atHD `} RwD `@=D u=wD|t C=aq]= u}= R= xO=iDU= =@ "OQm x@U=Lt pr2 � 102

%OQm x@U=Lt 26 |xrO=at CQwYx@ =Q R

FR(r) =

8>>>><>>>>:
0 r < 10
2
p
r2�102
30 10 � r < 18

1 r > 18
(26)

"xar=]t OQwt x=oCN=U C=YNWt "2 pmW
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"hrDNt |}xRQr |=yQDt=Q=B T=U=Q@ Q]N |vLvt "4 pmW

p@=kt QO "PGV |=Q@ =y?w=vD |t=tD x@ xOWVR=Q@ |@} QkD Q}O=kt Q=Owtv "6 pmW
""Sa

%OyO|t u=Wv j}kO pL =@ |QD?U=vt j@=]D xm CU=
"PGV = 0 8869"Sa + 0 0065 (30)

|x]@=Q |=Q@ 6 pmW 's}vm Q=QmD Cw=iDt |=y?w=vD xQwO |=Q@ =Q C=@U=Lt u}= Qo =
s}y=wN CUO 31 |x]@=Q x@ uw}UQoQ s=Hv= =@ w CU= s}UQD p@=k =yuwr}UB= u=}t

%Ci=}
"PGV = 0 8575"Sa + 0 02538 (31)

Q=Owtv u=wD|t xv}W}@ CaQU w |i}] ?=DW uwr}UB= |=Q@ pY=L Q}O=kt ?}mQD =@
'OwW|t xOy=Wt 7 pmW QO xm xvwou=ty "OQm s}UQD =Q Q]N p@=kt QO =D*= C=Q}}eD

|O=yvW}B w xOWVR=Q@ |@} QkD Q}O=kt R}v w "Sa p@=kt QO "PGV Q}O=kt "5 pmW
[7]"u=Q=mty w |wUwt \UwD

|=Q@ =Q 29 |@} QkD |x]@=Q u=Q=mty w |wUwt 'C=@U=Lt QO p}yUD Qw_vt x@
[7]%Ov=xOQm x�=Q= "Sa uDW=O =@ "PGV |x@U=Lt

"PGV = 0 74"Sa + 0 24 (29)

|x@U=Lt x@ R=}v uwO@ =Q =D*= Q=Okt u=wD|t '28 |x]@=Q QO 29 |x]@=Q |v} Ro}=H =@
"PGV C=Q}}eD p@=kt QO "Sa C=Q}}eD Q=Owtv '5 pmW "OQm x@U=Lt "PGV s}kDUt
'OwW|t xOy=Wt xm xvwou=ty "OyO|t u=Wv 29 |x]@=Q R= pY=L G}=Dv x=Qty x@ =Q
u=Wv j}kO pL =@ =Q |Q=O=vat hqDN= '|@} QkD |x]@=Q OQ@ Q=m R= pY=L G}=Dv
xm 'CU= xOW xO=iDU= \N VR=Q@ R= QDj}kO |xH}Dv uOQw;CUOx@ |=Q@ "OyO|t
xOW sUQ Q=Owtv QO R}v \N u}= w OyO|t u=Wv =Q \N u}= |xrO=at '30 |xrO=at
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QW

|=y
h}]

QO=
D* =X

N=W
|}x

RQr
Q]N

l}
miD%O}UQ 33 |xrO=at x@ u=wD|t OwHwt C=}:tm |Q=Po}=H =@ xm CWwv

�lnSa(T ) = ��lnSa(T ) + �lnSa" (32)

�lnSa(T )j lnSa(T�) =�lnSa(T )(M;R; T2)

+ �lnSa(M;R)[��(T �) + 0 823"PGV ]

(33)

xOW ?=NDv= u}tR CmQL GwR 267 Q@ ptDWt |}xawtHt � |x@U=Lt Qw_vt x@
\@=wQ C=@U=Lt |=Q@ R=}v OQwt |=yQDt=Q=B pt=W =yv; R= s=Om Qy C=YNWt xm 'CU=
|x@U=Lt `@=wD R= xO=iDU= =@ TBU "CU= xOW G=QNDU= CB08 |=v@t Q@ |oOvy=m

"Ov=xOW x@U=Lt hrDNt |=yT |=Q@ � Q=Okt 'OwHwt |oDU@ty ?}=Q[
Q]N u=R}t '=D*= Q]N |vLvt R= xO=iDU= =@ =D Ow@ s}y=wN QO=k xrLQt u}= QO
x@U=Lt =Q =D*= T=U=Q@ |]QW u}ov=}t h}] x=wNrO |=v@t ?w=vD R}v w ZwQit
h}] w uwr}UB= '=D*= T=U=Q@ xOWx@U=Lt |]QW u}ov=}t h}] '8 pmW QO "s}vm

"Ov=xOW xO=O V}=tv UHS

=@ u; |x]@=Q uDiQoQ_vQO uwO@ w =D*= T=U=Q@ ,=t}kDUt ECMS QwmPt pmW QO
xOt; CUOx@ ,=t}kDUt |}xRQr Q]N l}miD R= hOy =D*= "CU= xOW x@U=Lt uwr}UB=
|Q=O|vat Cw=iD Q=Owtv 3 u}= q=@ ?w=vD |=yxQwO QO xm OwW|t x_Lqt "CU=
R= QDW}@ w |w=Ut Qo}Om} =@ CMS w ECMS Q=Owtv T � QO =t= 'OvQ=Ov Qo}Om} =@
?w=vD QDq=@ |=yOt x@ \w@ Qt xm u}}=B ?w=vD |=yxQwO QO w OvDUy UHS Q=Okt
|oDU@ty x@ xHwD =@ xm 'CU= xDiQo Q=Qk CMS R= QDq=@ ECMS 'CU= xR=U
xR=U |}xRQr MU=B w uwr}UB= |oDU@ty x@ C@Uv xR=U |}xRQr MU=B w =D*= QDW}@
|=Q@ CW=ov?=DW ?=NDv= QO ECMS |=H x@ CMS R= xO=iDU= xm OyO|t u=Wv

"OwW u}}=BCUO |=yMU=B OQw;Q@ ?Hwt Ov=wD|t |m}t=v}O p}rLD

|Q}oxH}Dv "5
QDt=Q=B T=U=Q@ |]QW u}ov=}t h}] |x@U=Lt 'CU= xOW x_Lqt xm Qw]u=ty
=@ hOy |=D*= xm |Qw]x@ 'OwW T=}kt =D*= "1 %CU= Q}PBu=mt= VwQ wO x@ =D*= u} wv
hOy =D*= "2 'OwW O}rwD T=U= u}= Q@ |]QW u}ov=}th}] w OwW Q@=Q@ hOy uwr}UB=
|]QW u}ov=}t h}] |x@U=Lt |=v@t w OwW x@U=Lt Q]N l}miD R= ,=t}kDUt
|}x_Lqt p@=k |=]N Ov=wD|t =D*= uOQmT=}kt xm OyO|t u=Wv G}=Dv "OQ}o Q=Qk
|=yOt x@ \w@ Qt xm u}}=B ?w=vD |=yxQwO QO u}vJty "Ovm OQ=w MU=B OQw;Q@ QO
=@ xm 'OQ}o|t Q=Qk CMS R= QDq=@ ECMS h}] Q=Owtv 'CU= xR=U ?w=vD QDq=@
w uwr}UB= |oDU@ty x@ C@Uv xR=U |}xRQr MU=B w =D*= QDW}@ |oDU@ty x@ xHwD
?=NDv= QO ECMS |=H x@ CMS R= xO=iDU= xm OyO|t u=Wv xR=U |}xRQr MU=B
u}}=BCUO |=yMU=B OQw;Q@ ?Hwt Ov=wD|t |m}t=v}O p}rLD |=Q@ CW=ov?=DW

"OwW

"|@} QkD Q}O=kt w |}xRQr Q]N p@=kt QO =D*= XN=W |vLvt "7 pmW

w UHS h}] 'uwr}UB= w =D*= T=U=Q@ xOWx@U=Lt |]QW u}ov=}t h}] "8 pmW
"u; |@} QkD Q}O=kt

R= xOWx@U=Lt |x]@=Q w |O=yvW}B |@} QkD |x]@=Q OQ@ Q=m R= |W=v G}=Dv hqDN=
|x]@=Q xm 'CU= x_Lqt p@=k j}kO pL C@Uv x@ R}v CtUk u}= QO |]N VR=Q@

"OyO|t u=Wv OwN R= j}kO pL =@ |@U=vt Ck@=]t xOWVR=Q@

=D*= |=v@t Q@ |]QW u}ov=}t h}] |x@U=Lt "4"4
T=U=Q@ |}xRQr Q]N Q=Owtv |x@U=Lt w |}xRQr Q]N x@ \w@ Qt C=@U=Lt s=Hv= =@
"O};|t CUOx@ =D*= T=U=Q@ |]QW u}ov=}t h}] |x@U=Lt |=Q@ sRq Q=R@= '=D*=
uwO@ w s}kDUt CQwYx@ Q=DWwv u}= QO =D*= T=U=Q@ |]QW u}ov=}t h}] |x@U=Lt
=Q 32 |xrO=at u=wD|t u}=Q@=v@ "OQ}PB|t s=Hv= hOy " T=U=Q@ |R=Up=tQv x@ R=}v

=yCWwv=B
1. aleatory uncertainty
2. incremental dynamic analysis (IDA)
3. epistemic uncertainty
4. disaggregation

5. next generation attenuation relationship (NGA)
6. uniform hazard spectrum (UHS)
7. conditional mean spectrum (CMS)
8. Eta-based conditional mean spectrum (ECMS)
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